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PORTABLE ELECTRONIC APPARATUS
WITH CONTROLLED LIGHT SOURCES

FIELD OF THE INVENTION

The present mnvention relates to a portable electronic
apparatus such as a mobile phone, a personal digital assistant

(PDA) or the like.

BACKGROUND TO THE INVENTION

Conventionally mobile phones and the like indicate

events, such as mncoming calls or text messages, using
audible alerts.

SUMMARY OF TH.

INVENTION

(L]

It 1s an object of the present invention to provide a mobile
phone, PDA or the like with informative and/or decorative
lighting eflects.

According to the present invention, there 1s provided a
portable electronic apparatus, for example a personal com-
munication apparatus such as a mobile phone or a commu-
nicator, comprising:

a group ol, preferably externally visible, light sources,

¢.g. LEDs emitting light in the visible spectrum, and

a programmable controller device having a plurality of
1 -bit outputs connected for controlling the light sources
and a pulse width modulated signal output for control-
ling said group of light sources,

wherein each light source i1s controlled by means of one
of said 1-bit outputs and said PWM output.

Each light source may be controlled by a respective one

of said 1-bit outputs.

The apparatus may include a plurality of bipolar transis-
tors connected to receive a signal from respective 1-bit
outputs of the controller device at their bases, with each light
source being controlled by one of said transistors. Such an
apparatus may also include an insulated-gate FET, con-
nected to receive a signal from the PWM output of the
controller, with the emitters of said transistors are connected
to the drain of the FET via respective emitter resistors.

The light sources may be controlled individually by
respective first switching means, connected to be controlled
from said 1-bit outputs, and collectively by second switch-
ing means, connected to the controlled from said PWM
signal output, 1n which case, the second switching means, 1s
connected 1n series with all of said first switching means.

According to the present invention, there 1s also provided
a portable electronic, for example a personal communication
apparatus such as a mobile phone or a communicator,
apparatus comprising:

a plurality of groups of, preferably externally visible, light
sources, ¢.g. LEDs emitting light 1n the visible spec-
trum, and

a programmable controller device having a plurality of
1 -bit outputs connected for controlling the light sources
and a plurality of pulse width modulated signal outputs
for controlling respective ones of said groups of light
sources,

wherein each light source 1s controlled by means of one
of said 1-bit outputs and one of said PWM outputs.

Each light source may be controlled by a respective one
of said 1-bit outputs.

The apparatus may include a plurality of bipolar transis-
tors connected to receive signals from respective 1-bit
outputs of the controller device at their bases, with each light
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source being controlled by one of said transistors. Such an
apparatus may include a plurality of insulated-gate FET,
connected to recerve a signal from one of said PWM outputs
of the controller, with the emaitters of said transistors being
connected to the drain of one or other of the FETs via
respective emitter resistors according to the groups to which
the light sources, controlled by the transistors, belong.

The light sources may be controlled individually by
respective first switching means, e.g. bipolar transistors or
field-eflect transistors, connected to be controlled from said
1-bit outputs, and groupwise by second switching means e.g.
bipolar transistors or field-etlect transistors, connected to the
controlled from said PWM signal outputs, with each second
switching means being connected in series with all of said
first switching means associated with the same group of light
sources.

According to the present invention, there 1s also provided
a portable electronic apparatus, for example a personal
communication device, comprising a body and a soit struc-
ture on the body, wherein the soft structure 1s visible light
transmissive, e€.g. fully or partially transparent or translu-
cent, and a light source 1s mounted to the body so as to shine
light through said structure.

The light source may comprise at least one device, for
example an LED.

A plurality of soft structures may be included on the body;
in which case, each soit structure will be visible light
transmissive and a group of light sources 1s mounted to the
body to shine light through said structures.

The light sources may be controlled using the 1-bit and
PWM controller outputs mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of a mobile phone embodying the
present 1nvention;

FIG. 2 1s a side view of the mobile phone shown 1n FIG.
1,

FIG. 3 15 a block diagram of the mobile phone shown 1n
FIG. 1; and

FIG. 4 1s a schematic diagram of the light source con-
trolling circuit of the mobile phone shown i FIG. 1.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Embodiments of the present invention will now be
described, by way of example, with reference to the accom-
panying drawings.

Referring to FIGS. 1 and 2, a mobile phone comprises a
body 1 having a liquid crystal display 8 in the upper part of
its front face and keypad 9 1n the lower part of 1ts front face.
A speaker 5 15 located above the display 8 and a microphone
6 1s located below the key pad 9. Two sofit, transparent pads
12, forming grips, are formed on each of the left and right
sides of the body 1, one above the other. The pads 12 may
be coloured. The pads 12 comprise polyurethane shells filled
with a gel. The pads 12 help users hold the mobile phone
securely and comiortably.

Two light emitting diodes 13 (LEDs) are located behind
cach of the pads 12. The LEDs are controlled, as will be
described below, to provide decorative and/or mformative
lighting effects.

Referring to FIG. 3, the mobile phone additionally com-
prises an antenna 15, an ri subsystem 2, a baseband DSP
(digital signal processing) subsystem 3, an analogue audio
subsystem 4, a controller 7, memory 10, a SIM card 11 and
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an LED driver circuit 14 for energising the LEDs 13 under
the control of the controller 7.

The rf subsystem 2 contains 11 and rf circuits of the mobile
telephone’s transmitter and receiver and a frequency syn-
thesizer for tuning the mobile station’s transmitter and
receiver. The antenna 15 1s coupled to the rf subsystem 2 for
the reception and transmission of radio waves.

The baseband DSP subsystem 3 1s coupled to the rf
subsystem 2 to receive baseband signals therefrom and for
sending baseband modulation signals thereto. The baseband
D SP subsystems 3 includes codec functions which are
generally well-known 1n the art. However, the codec func-
tions include a novel Viterbi decoder, which 1s described 1n
more detail below, for channel decoding. The output of the
Viterb1 decoder 1s then further decoded to regenerate the
original speech signal 1n the case of telephony.

The analogue audio subsystem 4 1s coupled to the base-
band DSP subsystem 3 and receives demodulated audio
therefrom. The analogue audio subsystem 4 amplifies the
demodulated audio and applies 1t to the speaker 5. Acoustic
signals, detected by the microphone 6, are pre-amplified by
the analogue audio subsystem 4 and sent to the baseband
DSP subsystem 3 for coding.

The controller 7 controls the operation of the mobile
telephone. It 1s coupled to the rf subsystem 2 for supplying
tuning instructions to the frequency synthesizer and to the
baseband DSP subsystem 3 for supplying control data and
management data for transmission. The controller 7 operates
according to a program stored in the memory 10. The
memory 10 1s shown separately from the controller 7.
However, 1t may be integrated with the controller 7.

The display device 8 i1s connected to the controller 7 for
receiving control data and the keypad 9 1s connected to the
controller 7 for supplying user input data signals thereto.

The controller 7 1s programmed to control the mobile
station for speech and data communication and with appli-
cation programs, €.g. a WAP browser, which make use of the
mobile station’s data communication capabilities. The con-
troller 7 1s also programmed to produced diflerent lighting
cllects by selectively energising the LEDs 12.

Referring to FIG. 4, 1n which pull-up and biasing resistors
and other common ancillary components are omitted for
clanity’s sake, the controller 7 has first to eighth indepen-
dently controllable 1-bit output ports 7a, . . ., 7k and first
and second independently controllable pulse with modulated
(PWM) signal outputs 7i, 7.

The LED driver circuit 14 comprises first to eighth bipolar
transistors 14aq, . . ., 14/2. The bases of the bipolar transistors
14a, . . . , 142 are connected to respective output ports
Ta, ..., Th of the controller 7. The collectors of the bipolar
transistors are connected to the cathodes of respective ones
13aq1, . . ., 13a4, 13561, . . . , 1354 of the diodes 13. The
anodes of the diodes 13 are connected to Vcc.

The first to fourth bipolar transistors 14a, . . . , 14d have
respective emitter resistors 144, . . . , 14n. The emutter
resistors 144, . . . , 14n connect the emitters of the first to
tourth bipolar transistors 14q, . . . , 14d to the drain of a first
MOSFET 140. The source of the first MOSFET 140 1s
connected to ground and 1ts gate 1s connected to the first
PWM signal output 7i of the controller 7.

The fifth to eighth bipolar transistors 14e, . . . , 14/ are
similarly arranged with respective emitter resistors
14p, . . ., 14s and a second MOSFET 14¢. The gate of the
second MOSFET 147 1s connected to the second PWM
signal output 7/ of the controller 7.

The LEDs 13al, . . ., 13a4, 1351, . . . , 1364 can be

individually and independently enabled by the controller 7
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using the signals at the 1-bit output ports 7a. However, the
intensities of the LEDs 13al, .. ., 13a4, 13541, .. ., 1354
are controlled by the PWM signals from the first and second
PWM signal outputs 7i, 7;. It can be seen that for the purpose
of control, the LEDs 13al, . .., 13a4, 1351, . . ., 1354 are
divided into two groups 13a, 136 controlled respectively
from the first and second PWM signal outputs 7i, 7/. The
LED intensities can set by the duty cycles of the PWM
signals when the frequencies of the PWM signals are greater
than about 25 Hz. Below about 25 Hz the on/ofl operation
of LEDs 13al, . . ., 1344, 1351, . . ., 1354 1n response to
the PWM signals 1s perceptible and, at these lower frequen-
cies, the PWM signals can be used to generate complex LED
flashing sequences 1 combination with suitable LE D
enable signals from the 1-bit outputs 7a, . . ., 74

The controller 7 1s a program controlled device and the
programming required to control the LEDs 13al, . . ., 13a4,
13561, ..., 13504 will be readily apparent to the skilled person
from the foregoing. Diflerent patterns of 1llumination using
the LEDs 13 may be used to signal diflerent events such as
incoming calls or text messages or to accompany games,
being played on the mobile phone, or other apparatus, in
which the present invention 1s embodied.

The grouping of the LEDs 13al, . . ., 13a4, 13541, . . .,
1354 for control purposes i1s independent of their physical
arrangement on the mobile phone’s body 1. For example, the
LEDs 13 on the left side of the mobile phone’s body may all
be 1n one group 13a and the LEDs 13 on the other side of
the mobile phone may all be in the other group 13b.
Alternatively, the LEDs 13 may be arranged such that
alternate LEDs 13 belong to different groups 13a, 135.

The skalled person will appreciate that the present mnven-
tion may be applied to other portable electronic devices
where the number of PWM signals 1s limited and that
vartous alternatives and equivalents to the elements
described above may be used without departing from the
spirit or scope of the claims appended hereto.

What 1s claimed 1is:

1. A portable electronic apparatus comprising;

a group of light sources; and

a programmable controller device having,

a plurality of 1-bit outputs each connected for enabling
a respective idividual light source in the group of
light sources, and

a pulse width modulated signal (PWM) output for
controlling an intensity of said group of light
sources;

wherein each individual light source 1s controlled by said

plurality of 1-bit outputs and said PWM output.

2. An apparatus according to claim 1, wherein each light
source 1s controlled by a respective one of said 1-bit outputs.

3. An apparatus according to claim 1, including a plurality
of bipolar transistors, connected to receive signals from
respective 1-bit outputs of the controller device at their
bases, wherein each light source 1s controlled by one of said
transistors.

4. An apparatus according to claim 3, including an insu-
lated-gate FET, connected to receive a signal ifrom the PWM
output of the controller, wherein the emitters of said tran-
sistors are connected to the drain of the FET via respective
emitter resistors.

5. An apparatus according to claim 1, wherein the light
sources are controlled individually by respective first
switching means, connected to be controlled from said 1-bit
outputs, and collectively by second switching means, con-
nected to the controlled from said PWM signal output,
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wherein the second switching means 1s connected 1n series
with all of said first switching means.

6. A personal communications apparatus comprising:
a group of light sources; and
a programmable controller device having,

a plurality of 1-bit outputs each connected to a respec-
tive individual light source in the group of light
sources for control thereof, and

a pulse width modulated signal (PWM) output for
controlling an intensity of said group of light
SOUrces;

wherein each individual light source 1s controlled by said

plurality of 1-bit outputs and said PWM output.

7. An apparatus according to claim 6, wherein each light
source 1s controlled by a respective one of said 1-bit outputs.

8. An apparatus according to claim 6, including a plurality
of bipolar transistors, connected to receive signals from
respective 1-bit outputs of the controller device at their
bases, wherein each light source 1s controlled by one of said
transistors.

9. An apparatus according to claim 8, including an 1nsu-
lated-gate FET, connected to receive signals from the PWM
output of the controller, wherein the emitters of said tran-
sistors are connected to the drain of the FET via respective
emitter resistors.

10. An apparatus according to claim 6, wherein the light
sources are controlled individually by respective first
switching means, connected to be controlled from said 1-bit
outputs, and collectively by second switching means, con-
nected to the controlled from said PWM signal output,
wherein the second switching means 1s connected 1n series
with all of said first switching means.

11. A portable electronic apparatus comprising:

a plurality of groups of light sources; and

a programmable controller device having,

a plurality of 1-bit outputs each connected for enabling
a respective individual one of the light sources 1n the
groups of light sources, and

a plurality of pulse width modulated signal (PWM)
outputs for controlling respective intensities of each
of said groups of light sources;

wherein each light source 1s controlled by one of said 1-bit

outputs and one of said PWM outputs.

12. An apparatus according to claim 11, wherein each
light source 1s controlled by a respective one of said 1-bit
outputs.

13. An apparatus according to claim 11, including a
plurality of bipolar transistors, connected to receive signals
from respective 1-bit outputs of the controller device at their
bases, wherein each light source 1s controlled by one of said
transistors.

14. An apparatus according to claim 13, including a
plurality of msulated-gate FETs, connected to receive sig-
nals from one of said PWM outputs of the controller,
wherein the emitters of said transistors are connected to the
drain of at least one of the FETs via respective emitter
resistors according to the groups to which the light sources,
controlled by the transistors, belong.

15. An apparatus according to claim 11, wherein the light
sources are controlled individually by respective first
switching means, connected to be controlled from said 1-bit
outputs, and groupwise by second switching means, con-
nected to the controlled from said PWM signal outputs,
wherein each second switching means 1s connected 1n series
with all of said first switching means associated with the
same group of light sources.
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16. A portable electronic apparatus comprising;:

a plurality of groups of light sources, each group having
a plurality of individual light sources; and

a programmable controller device having,

a plurality of 1-bit outputs each connected for controlling
a respective mdividual light source 1n the plurality of
groups of light sources, and

a plurality of pulse width modulated signal (PWM) out-

puts for controlling an output intensity of respective
ones of said groups of light sources;

wherein each light source 1s controlled by one of said 1-bit

outputs and one of said PWM outputs.

17. An apparatus according to claim 16, wherein each
light source 1s controlled by a respective one of said 1-bit
outputs.

18. An apparatus according to claim 16, including a
plurality of bipolar transistors, connected to receive signals
from respective 1-bit outputs of the controller device at their
bases, wherein each light source 1s controlled by one of said
transistors.

19. An apparatus according to claim 18, including a
plurality of isulated-gate FETs, connected to receive sig-
nals from one of said PWM outputs of the controller,
wherein the emitters of said transistors are connected to the
drain of at least one of the FETs via respective emitter
resistors according to the groups to which the light sources,
controlled by the transistors, belong.

20. An apparatus according to claim 16, wherein the light
sources are controlled individually by respective first
switching means, connected to be controlled from said 1-bit
outputs, and groupwise by second switching means, con-
nected to the controlled from said PWM signal outputs,
wherein each second switching means 1s connected 1n series
with all of said first switching means associated with the
same group of light sources.

21. A portable electronic apparatus comprising a body and
a solt structure on the body, wherein the soit structure is

visible light transmissive and a group of light sources are
mounted to the body so as to shine light through said soft

structure, the apparatus further including;
a programmable controller device having,

a plurality of 1-bit outputs each connected and config-
ured for controlling a respective individual light
source 1n the group of light sources, and

a pulse width modulated signal (PWM) output config-
ured for controlling an intensity of the group of light
SOUrces;

wherein each light source i1s controlled by the 1-bat
outputs and the PWM output.
22. An apparatus according to claim 21, wherein each
light source comprises at least one LED.
23. An apparatus according to claim 21, including a
plurality of soit structures on the body, wherein each soft

structure 1s visible light transmissive and the group of light
sources 15 mounted to the body to shine light through said

structures.
24. An apparatus according to claim 23, imncluding:

a plurality of groups of light sources mounted to the body
for shiming light through said structures,

wherein the programmable controller device includes a
further plurality of 1-bit outputs, each 1-bit output of
the controller being connected and configured for con-
trolling a respective individual light source 1n one of

the plurality of groups of light sources, and a plurality
of pulse width modulated signal outputs for controlling
respective ones of the groups of light sources, and
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wherein each light source 1s controlled by one of the 1-bit 26. An apparatus according to claim 24, wherein the
outputs and one of the PWM outputs. apparatus 1s a personal communication device.

25. An apparatus according to claim 21, wherein the
apparatus 1s a personal communication device. ok ok ok %
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